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Abstract. We spatially resolve the star formation history of 300 nearby galaxies from the
CALIFA integral field survey to investigate: a) the radial structure and gradients of the present
stellar populations properties as a function of the Hubble type; and b) the role played by the
galaxy’s stellar mass and stellar mass surface density in governing the star formation history
and metallicity enrichment of spheroids and disks. We apply the fossil record method based
on spectral synthesis techniques to recover spatially and temporally resolved maps of stellar
population properties of spheroid and spiral galaxies with mass from 109 to 7 × 1011 M.
The individual radial profiles of the stellar mass surface density (µ?), stellar extinction (AV ),
luminosity weighted ages (〈log age〉L), and mass weighted metallicity (〈logZ?〉M ) are stacked
in seven bins of galaxy morphology (E, S0, Sa, Sb, Sbc, Sc and Sd). All these properties show
negative gradients as a sign of the inside-out growth of massive galaxies. However, the gradients
depend on the Hubble type in different ways. For the same galaxy mass, E and S0 galaxies
show the largest inner gradients in µ?; while Andromeda-like galaxies (Sb with M? ∼ 1011 M)
show the largest inner age and metallicity gradients. On average, spiral galaxies have a stellar
metallicity gradient ∼ -0.1 dex per half-light radius, in agreement with the value estimated for
the ionized gas oxygen abundance gradient by CALIFA. Both global (M?-driven) and local (µ?-
driven) stellar metallicity relation are derived. We find that in disks, the stellar mass surface
density regulates the stellar metallicity; in spheroids, the galaxy stellar mass dominates the
physics of star formation and chemical enrichment.
Keywords. galaxies: evolution – galaxies: formation – galaxies: fundamental parameters –
galaxies: stellar content – galaxies: structure
1. Introduction
Much of we know about galaxy properties has come from panoramic imaging or 1D
spectroscopic surveys. While imaging provides useful 2D information of galaxy morphol-
ogy and structural properties, spectroscopic surveys give information on the central or
global stellar population and ionized gas properties and kinematics. However, galaxies
are a complex mix of stars, interstellar gas, dust and dark matter, distributed in their
disks and bulges, and resolved spatial information is needed to constrain the formation
processes and evolution of the galaxy sub-components.
Integral Field Spectroscopy (IFS) observations can provide a unique 3D view of galaxies
(two spatial plus one spectral dimensions), and allows to recover 2D maps of the stellar
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population and ionized gas properties. Until very recently it was not possible to obtain
IFS data for sample larger than a few tens of galaxies. The ATLAS3D (Cappellari et al.
2011), CALIFA (Sa´nchez et al. 2012), SAMI (Croom et al. 2012) and MaNGA (Bundy
et al. 2014) surveys are the first in doing this step forward, taking observations of several
hundreds to several thousands of galaxies of the nearby Universe.
CALIFA is our currently-ongoing survey, observing 600 nearby galaxies with the PPaK
IFU at the 3.5m telescope of Calar Alto observatory. The observations cover 3700–7000
A˚ with an intermediate spectral resolution (FWHM ∼ 6 A˚ in the data presented in
this contribution) and ∼1arcmin2 field of view with a final spatial sampling of 1 arcsec.
Galaxies were selected from SDSS in the redshift range 0.005 6 z 6 0.03, covering all
the color magnitude diagram down to Mr 6 -18, resulting in a sample containing all
morphological types. An extended description of the survey, data reduction and sample
can be found in Sa´nchez et al (2012), Hussemann et al (2012) and Walcher et al (2014).
Previously, we derived the spatially resolved star formation history of the CALIFA
galaxies on the first data release (DR1) using the fossil record of stellar populations
imprinted in their spectra. This method dissects galaxies in space and time providing a 3D
information that allows to retrieve when and where the mass and stellar metallicity were
assembled as a function of look-back-time. We use the starlight code (Cid Fernandes et
al. 2005) to do a λ-by-λ spectral fit using different sets of single stellar population (SSP)
models. These SSPs are from a combination of Vazdekis et al. (2010) and Gonza´lez
Delgado et al. (2005) (labelled GMe), or from Charlot & Bruzual (2007) (labelled CBe).
Our scientific results from the first 100 CALIFA galaxies were presented in Pe´rez et
al (2013), Cid Fernandes et al (2013, 2014) and Gonza´les Delgado et al (2014a). One
highlight result of these works is that the signal of downsizing is spatially preserved,
with inner and outer regions growing faster for more massive galaxies, consequence of
the inside-out growth of massive galaxies.
Here, based on the analysis of 300 CALIFA galaxies we present the results on: a)
the radial structure and gradients of the stellar populations as a function of the Hubble
type; and b) the roles of the galaxy mass and stellar mass surface density in governing
the star formation history and metallicity enrichment in ellipticals and in the bulge and
disk components of galaxies.
Two complementary contributions to this one are presented in these proceedings:
Sa´nchez presents CALIFA in the context of other contemporaneous IFS surveys such
as SAMI and MaNGA, and Cid Fernandes et al. highlights some previous and new re-
sults obtained with the same methodology applied here.
2. Results
We present new results based on the radial structure of the present stellar population
properties of 300 CALIFA galaxies that were observed with the V500 and V1200 setups
and calibrated with the new pipeline 1.4 (see Garc´ıa-Benito et al. 2014 for details). 1D
radial profiles are obtained from the 2D maps, with an azimuthal averaging by an elliptical
xy-to-R conversion. These 2D maps are created after collapsing the star formation history
(SFH) in the time domain. The results are presented by stacking each galaxy individual
radial profiles after normalizing to a common metric that uses the half-light-radius (HLR)
of each galaxy.
2.1. Hubble sequence: stellar population properties of galaxies in the tuning-fork diagram
A step to understand how galaxies form and evolve is classifying galaxies and studying
their properties. Most of the massive galaxies in the near Universe are E, S0 and spirals
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(Blanton & Moustakas 2009), following well the Hubble tuning-fork diagram. The bulge
fraction seems to be one of the main physical parameters that produce the Hubble se-
quence, increasing from late to early spirals. In this scheme, S0 galaxies are a transition
class between the spiral classes and the elliptical one, with large bulges, but intermediate
between Sa and E galaxies. On the other hand, properties such as color, mass, surface
brightness, luminosity, and gas fraction are correlated with the Hubble type (Robert
& Haynes 1994). This suggests that the Hubble sequence can illustrate possible paths
for galaxy formation and evolution. If so, how are the spatially resolved stellar popula-
tion properties of galaxies correlated with the Hubble type? Can the Hubble-tuning-fork
scheme be useful to organize galaxies by galaxy mass and age or galaxy mass and metal-
licity?
CALIFA is a suitable benchmark to address these questions because it includes a sig-
nificant amount of E, S0 and spirals. After a visual classification, the 300 galaxies were
grouped in 41 E, 32 S0, 51 Sa, 53 Sb, 58 Sbc, 50 Sc, and 15 Sd. This sub-sample is repre-
sentative of the morphological distribution of the whole CALIFA sample. Here we present
the radial structure of the stellar mass surface density (µ?), stellar extinction (AV ), lu-
minosity weighted stellar age (〈log age〉L), mass weighted stellar metallicity (〈logZ?〉M ),
by stacking the galaxies by their Hubble type. First, we present how galaxies are dis-
tributed by stellar mass (M?) and their sizes in mass (a
M
50 : radius that contains half of
the mass) and in light (aL50: radius that contains half of the light, HLR). Most of the
results discussed here are obtained with the GMe SSP models, but similar results are
obtained with the CBe base (see Fig. 1).
Galaxy stellar mass: We obtain the galaxy stellar mass (M?) after resolving spatially
the SFH of each zone, therefore taking into account spatial variations of the stellar
extinction and M/L ratio. Fig. 1a shows the distribution of M? as a function of Hubble
type. The mass ranges from 109 to 7×1011 M (for GMe SSPs). We see a clear segregation
in mass: galaxies with high bulge-to-disk ratio (E, S0, Sa) are the most massive ones (>
1011 M), and galaxies with small bulges (Sc-Sd) have masses M 6 1010 M. The stellar
mass distribution obtained with CBe models is similar to that obtained with the GMe
base, but shifted by −0.25 dex due to the difference in IMF (Chabrier in CBe and Salpeter
in GMe).
Galaxy size: We take advantage of our spatially resolved SFH and extinction maps
to show that galaxies are more compact in mass than in light (Gonza´lez Delgado et
al. 2014a), resulting in a ratio of the radius that contains half of the mass (aM50) with
respect to the radius that contains half of the light (aL50) of a
M
50/a
L
50 ∼ 0.8. Galaxies are
therefore typically 20% smaller in mass than they appear in optical light. Fig. 1b shows
the distribution of aM50/a
L
50 as a function of Hubble type, and a clear trend is observed.
Sa-Sb-Sbc have the lowest aM50/a
L
50 ratios, due to the fact that they show a very prominent
old bulge which have similar central properties to the spheroidal components of S0 and
E, but a blue and extended disc which contributes to the light in the range Sa to Sbc.
Stellar mass surface density: The left panel in Fig. 2 shows the radial profiles (in
units of aL50) of log µ?, as obtained with the GMe base. Individual results are stacked
in seven morphological bins. Error bars in the panel indicate the dispersion at one aL50
distance in the galaxies of the Sa class, but it is similar for other Hubble types and radial
distances. Negative gradients are detected in all galaxy types and increase from late type
(Sd) to early type (S0, and E) galaxies. At a constant M?, spheroidal (S0 and E) are more
compact than spirals, and S0 and E galaxies have similar compactness at all distances.
Stellar extinction: The right panel in Fig. 2 shows the radial profiles AV . All galaxy
types show radial profiles that increase towards the center. Early type galaxies (E, and
S0) are also extinguished towards the nucleus by 0.2 mag, while outwards of 1 HLR their
4 Gonza´lez Delgado et al
1012345
type
9
10
11
12
lo
g
M
∗(
M
¯)
ES0SaSbSbcScSd
GMe
CBe
1012345
type
0.4
0.6
0.8
1.0
1.2
a
50
M
 /
 a
50
L
ES0SaSbSbcScSd
GMe
CBe
Figure 1. Left: Distribution of the galaxy stellar masses obtained from the spatially resolved
spectral fits of each galaxy for each Hubble type of the galaxy of this work (grey small points).
The coloured dots and stars are the mean galaxy stellar mass in each Hubble type obtained with
the GMe and CBe SSP models. The bars show the dispersion in mass. Right: Relation between
aM50/a
L
50 and Hubble type. Symbols are as in the left panel of the figure.
Figure 2. Radial profiles of the stellar mass surface density (in logarithm scale, log µ?) and
the stellar extinction AV as a function of Hubble type. The radial distance is in HLR units.
(old) stellar populations are almost reddening-free. All spiral disks show ∼ 0.2–0.3 mag
extinction. The bulges are significantly more extinguished up to 0.6 mag, except in late
type spirals (Sd), where AV is similar to the extinction in the disk. We note that , in
absolute terms, one may thus say that galaxies become dustier towards their centers. In
relative terms, however, the opposite holds. The typical AV /µ? profiles rise towards the
outside, so one can say that there is more dust per star at large radii, which indirectly
signals also a rise in the gas-to-stars at large R.
Stellar ages: The left panel of Fig. 3 shows the radial profiles of 〈log age〉L. Symbols
are as in Fig. 2. Negative gradients are detected for all the Hubble types, suggesting that
the quenching is progressing outwards, and the galaxies are growing inside-out, as we
concluded with our mass assembly growth analysis (Pe´rez et al. 2012). Inner gradients
are calculated between the galaxy nucleus and at 1 aL50, and the outer gradient between
1 and 2 aL50. The inner age gradient shows a clear behaviour with Hubble type, being
maximum for spirals of intermediate type (Sb-Sbc). At constant M?, Sb-Sbc galaxies
have the largest age gradient. The age gradient in the outer disk (between 1 and 2 aL50)
is smaller than the inner ones, but again it is largest amongst Sa-Sb-Sbc’s.
Stellar metallicity: The right panel in Fig. 3 shows the radial profiles of mass
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Figure 3. As in Fig. 2 for the luminosity weighted ages and the mass weighted metallicity.
weighted stellar metallicity obtained as explained in Gonza´lez Delgado et al (2014b).
Except for late types (Sc-Sd), spirals present negative Z? gradients: On average ∼ −0.1
dex per HLR, similar to the value obtained for the nebular oxygen abundances obtained
by CALIFA (Sa´nchez et al. 2013). For galaxies of equal stellar mass, the intermediate
type spirals (Sbc) have the largest gradients. These negative gradients again are signs
of the inside-out growth of the disks. However, the metallicity gradient for late spirals
is positive indicating that these galaxies, in the low mass galaxy bins, may be formed
from outside-in. This result is also in agreement with our results from the mass assembly
evolution (Pe´rez et al. 2012).
2.2. The role of µ? and M? in the SFH and chemical enrichment of galaxies
Galaxy formation and evolution manifests in three main parameters: stellar age, mass
and metallicity. The color-magnitude diagram of galaxies –that charts our partial knowl-
edge of galaxy evolution in the bimodal distribution of red sequence and blue cloud– is
the observational proxy for the two fundamental evolutionary parameters: the age and
mass of the stellar populations in galaxies. Sorting galaxies by M? we can study how their
properties scale among the different classes. With CALIFA, thanks to the spatial infor-
mation, we can check how important are the local (µ?- driven) and global (M?-driven)
processes in determining the star formation history and chemical enrichment in galaxies.
We find that there is a strong relation between the local values of µ? and the metallicity,
a relation which is similar in amplitude to the global mass metallicity relation that exits
between 〈logZ?〉M and M? over the whole 109 to 1012 M range (Gonza´lez Delgado et
al. 2014b). This means that local and global processes are important in the metallicity
enrichment of the galaxies. However, the balance between local and global effects varies
with the location within a galaxy. While in disks, µ? regulate the stellar metallicity,
producing a correlation between log µ? and 〈logZ?〉M , in bulges and ellipticals is M?
who dominates the chemical enrichment (Fig. 4). Furthermore, in spheroids the chemical
enrichment happened much faster and earlier than in disks.
These results are in agreement with the analysis of the star formation history of galaxies
(Gonza´lez Delgado et al. 2014a). We have shown that mean stellar ages (a first moment
descriptor of the SFH) relate strongly to µ? in galactic disks, indicating that local prop-
erties dictate the pace of star-formation. The slower growth (hence younger ages) found
at low µ? should lead to less metal enrichment, in agreement with the µ?-Z? relation
depicted in Fig. 4b. Within bulges/spheroids, M? is a much more relevant driver of the
SFH. Most of the star formation activity in these regions was over long ago, leading to
fast metal enrichment and little or no chemical evolution since those early days.
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Figure 4. Left: Local stellar metallicity versus the local stellar mass surface density. The grey
circles tracks the µ?-binned stellar metallicity relation (µZR). Blue circles show the µZR obtained
considering only star younger than 2 Gyr in the computation of the metallicity. Cyan stars show
the CALIFA-based nebular µZR of Sa´nchez et al (2013). Middle and right: The mean µZR
obtained by breaking the 300 galaxies sample into five M? intervals, restricting the analysis to
spatial regions outwards and for the inner R= 0.5 HLR
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